1. Introduction {#s0005}
===============

Unipolar and bipolar depression, as well as tobacco use disorder (TUD) have a significant global burden arising from heightened levels of chronicity, progressive disability and premature death. These disorders represent the leading causes of disability-adjusted life years ([@bb0090]; [@bb0195]; [@bb0255]). The most common tobacco-related diseases are cardiovascular illnesses, chronic obstructive pulmonary disease and cancer ([@bb0080]). Neoplasia, cardiovascular and respiratory diseases also affect bipolar disorder (BD) patients ([@bb0145]; [@bb0155]; [@bb0165]). TUD associates with a wide array of medical conditions as a consequence of chronic inflammatory process ([@bb0265]).

Despite the raised awareness of tobacco--related diseases, rates of tobacco use are increasing in young females ([@bb0160]). There is a relationship between smoking and depression, which may be of particular relevence in women, given that women have higher rates of depression and anxiety ([@bb0230]). Women who quit smoking exhibit similar levels of depressive symptomatology as current smokers ([@bb0220]). TUD is a vulnerability factor for the development of severe depressive and anxiety symptoms ([@bb0135]).

Furthermore, a history of mood disorders increases the risk of early onset cigarette smoking, as well as to progression from daily smoking to nicotine dependence ([@bb0040]). Childhood abuse may affect risks of diabetes and cardiovascular disease later in life ([@bb0030]).

TUD is highly comorbid with mood disorders, including (BD) and major depressive disorder (MDD). In the National Comorbidity Survey nearly 61.3% of people with a lifetime history of panic disorder and 68.4% with generalized anxiety disorders were current or past smokers, whilst only 39% of smokers showed no evidence of a psychiatric disorder. In major depressive disorder, TUD prevalence ranges from 40% to 64% across studies. Nicotine-dependent smokers are twice as likely as non-smokers to have a history of depression ([@bb0150]; [@bb0275]). Such studies indicate an intimate interaction of TUD and mood dysregulation.

This common co-occurrence of TUD and mood disorders has generated a number of theoretical explanations, including: cigarette smoking has anti-depressant effects, being a form of self-medication; TUD, BD and MDD share common environmental or genetic risk factors; BD and MDD are a consequence of brain dysfunction, which is worsened by TUD ([@bb0070]).

Both bipolar depression and MDD show evidence of heightened levels of pro-inflammatory and anti-inflammatory cytokines, including tumor necrosis factor-alpha (TNF-α), soluble tumor necrosis factor receptor 1(sTNF-R1), interleukin -1β (IL-1β); IL-6, IL-8, IL-10, and IL-1 receptor antagonist (IL1RA), as well as acute phase proteins, such as C-reactive protein (CRP)([@bb0020]; [@bb0045]; [@bb0065]; [@bb0075]; [@bb0125]; [@bb0175]; [@bb0190]; [@bb0200]; [@bb0270]). The levels of hs-CRP, TNF-α, sTNF-R1 and sTNF-R2 are also elevated in current smokers with cardiovascular disease and chronic obstructive pulmonary disease ([@bb0015]).

Mood disorders, when coupled to TUD, show higher levels of pro-inflammatory cytokines, versus non-depressed smokers, including TNF-α, IL-6, and CRP ([@bb0205]). The shared activated immune-inflammatory and oxidative and nitrosative stress pathways by which TUD may increase the risk for development of depressive disorders are, in part, mediated by increased levels of pro-inflammatory cytokines, diverse neurotransmitter systems, hypothalamic--pituitary--adrenal (HPA) axis activation, and microglial activation, as well as increased levels of endogenous oxidative stress and decreased levels of endogenous antioxidants ([@bb0210]).

The present study evaluated the clinical and biomarker differences between females with mood disorders, either bipolar depression or MDD, when either comorbid, or not, with TUD.

2. Method {#s0010}
=========

This study included non-depressed female and never-smokers (*n* = 28), non-depressed smokers female (*n* = 24), depressed never-smokers female (*n* = 38), and depressed smokers female (*n* = 69). Female smokers were outpatients recruited from the Cigarette Smoking Cessation Service Center, State University of Londrina (UEL). Depressed female were patients with BD or MDD, who were recruited from the outpatients Psychiatric Ambulatory Clinic (UEL). Control participants were regarded as non-depressed and never-smokers if they reported never having smoked a cigarette or have smoked \<100 cigarettes in their lifetime, coupled to no previous experience of a mood disorder. Controls were recruited from the staff at the same institution.

All participants were women aged 18--65 years. Exclusion criteria were: a) another medical condition or medication-induced BD and MDD; b) participants with a diagnosis of mental retardation, schizophrenia, psycho-organic syndromes or any condition that would compromise the understanding of the study terms and c) pregnancy. All participants gave written informed consent to participate in the study after the approval of this research by the local Ethics Research Committee (number CAAE 34935814.2.0000.5231).

All participants completed a questionnaire, which comprised socio-demographic data (education, occupation, marital status years of education), and clinical data (hospitalizations, ability to work, smoking status, suicidal ideation and suicide attempts, as well as number of lifetime depressions).

Trained psychiatrists carried out the clinical assessments. Diagnoses were based on the Structured Clinical Interview for DSM-IV, Axis I (SCID-I), clinical version, translated and validated for the Portuguese language ([@bb0060]) and on the 10th edition of the International Classification of Diseases (ICD-10) ([@bb0260]).

Anxiety severity was assessed through Hamilton Anxiety Rating Scale (HAM-A) ([@bb0100]).

Severity of depression was assessed through 17-item Hamilton Depression Rating Scale (HDRS~17~) ([@bb0105]). HDRS~17~ was translated and adapted for the Brazilian population ([@bb0180]).

Quality of life was evaluated using the World Health Organization Quality of Life Instrument, abbreviated version (WHOQOL-BREF), comprised by 26 items, measuring the following broad domains: physical health, psychological health, social relationships and environment. This instrument was translated and adapted to Portuguese ([@bb0085]).

The Childhood Trauma Questionnaire (CTQ) is a self-administered instrument used to document a history of childhood maltreatment in 5 domains: sexual abuse, physical abuse, emotional abuse, emotional neglect and physical neglect ([@bb0025]). The 28 item-version of CTQ was validated in the Portuguese language ([@bb0095]).

Total cholesterol (TC), high-density lipoprotein cholesterol (HDL-c), low-density lipoprotein (LDL-c) and triglycerides levels were determined by an automated method, namely the Dimension® RXL (Siemens Healthcare Diagnostics Inc., Newark, DE, USA). HDL-c levels were measured directly, without the necessity of sample pretreatment or specialized centrifugation steps. LDL-c was calculated by Friedewald\'s equation. Serum triglycerides were measured using an enzymatic procedure employing combinations of enzymes. We computed the Castelli risk index1 \[TC/HDL-c\] and Castelli risk index 2 \[LDL-c/HDL-c\].

The luminex kit was utilized to measure the cytokines, IL-1β, IL-1RA, IL-6, IL10, IL-12, and sTNF-R1.

Statistical analyses were performed to examine the relationship between socio-demographic, clinical and laboratory measurements. ANOVA was used for quantitative comparisons among groups (mood disorder smokers; mood disorder never-smokers; non-mood disorder smokers; non-mood disorder, never-smokers), followed by the Tukey test when the assumptions were attended (homogeneity of variances and normality of the residuals). If these criteria were not met, the Kruskal-Wallis test was used, followed by a post hoc test.

For the qualitative variables, the Chi-square test or Fisher exact test was used, followed by the z-test, to compare the percentages among the groups. The statistical significance level used was 0.05 and when the *p*-value is \<0.05, the means (for the quantitative variables) or the percentages (for the qualitative variables) are followed by letters. The same letters for the same variable indicate that there are no differences between the means or percentages among the groups and different letters for the same variable indicate that there are differences between the means or the percentages among the groups.

Following these univariate comparisons Pearson correlation coefficients were utilized to compare some pairs of clinical and physiological data.

All the analyses were performed in software R ([@bb0225]).

3. Results {#s0015}
==========

The demographic and clinical data of all groups are shown in [Table 1](#t0005){ref-type="table"}. Groups did not differ with respect to age. Comparing non-depressed/never-smokers versus the other groups, we may conclude that the average for years of educations and quality of life had the best results, i.e. more years of education and better quality of life scores on the WHOQOL-BREF in all domains (*p* \< 0.01).Table 1Clinical and demographic characteristics of the four study groups.Table 1*p*-Value\*Femalenon-smokers,Femalesmokers,nonFemaleBipolar/UnipolarFemaleBipolar/UnipolarVariablenon-mood disorders (n = 28)mood disorders (n = 24)never-smokers (n = 38)smokers (n = 69)Age (years); mean (SD)39.21 (13.19)43.54 (11.85)41.08 (13.61)46.07 (10.58)0.07Years of education; mean (SD)16.64 (4.25) a9.13 (5.23) b10.73 (4.93) b9.18 (4.65) b\<0.01WHOQoL - physical health; mean (SD)29.71 (3.51) a26.88 (4.46) a22.00 (4.75) b21.97 (5.18) b\<0.01WHOQoL -psychological health; mean (SD)24.57 (2.68) a21.69 (3.97) a17.39 (4.13) b17.06 (4.55) b\<0.01WHOQoL - Social relationship; mean (SD)12.86 (1.41) a10.31 (2.59) b9.18 (2.75) bc8.28 (2.54) c\<0.01WHOQoL -- environment; mean (SD)32.64 (3.18) a27.96 (4.28) b26.38 (4.51) b25.36 (5.79) b\<0.01WHOQoL - total score; mean (SD)99.79 (8.96) a87.46 (10.53) b75.16 (13.04) c72.16 (14.69) c\<0.01HAM-D; mean (SD)2.32 (2.55) a2.95 (4.02) a9.37 (6.61) b11.59 (7.74) b\<0.01HAM-A; mean (SD)4.54 (6.02) a7.96 (7.03) a16.62 (12.06) b17.60 (11.47) b\<0.01BMI; mean (SD)24.73 (3.47) a28.18 (6.05) ab29.34 (6.63) b26.49 (5.07) ab0.01Sheehan work; mean (SD)0.43 (1.23) a2.25 (2.99) a5.05 (3.33) b5.59 (3.62) b\<0.01Sheehan social life; mean (SD)0.36 (0.99) a2.63 (3.22) a5.63 (3.47) b5.91 (3.75) b\<0.01Sheehan Home responsabilities; mean (SD)0.10 (0.31) a2.21 (3.67) ac4.82 (3.57) bc5.92 (3.60) b\<0.01Work absences (last 30 days); mean (SD)0.00 (0.00) a0.00 (0.00) a5.76 (10.57) b4.45 (9.12) b\<0.01Unproductive days (last 30 days); mean (SD)0.32 (1.06) a1.54 (6.13) ab8.21 (11.74) b6.94 (10.80) ab\<0.01Sexual abuse; mean (SD)5.35 (1.10) a5.67 (2.62) ab8.68 (4.86) b7.35 (4.78) ab\<0.01Physical abuse; mean (SD)6.29 (2.59) a8.04 (4.56) ab9.54 (4.66) b10.02 (4.54) b\<0.01Emotional abuse; mean (SD)6.14 (1.24) a9.42 (4.96) ab12.22 (5.38) cb13.22 (6.08) c\<0.01Emotional neglect; mean (SD)10.64 (6.84)11.25 (6.93)14.86 (7.26)13.52 (5.80)0.06Physical neglect; mean (SD)8.25 (4.69) ab7.63 (3.08) b10.73 (4.46) a9.92 (4.37) ab0.02[^1][^2]

Depressed, smokers and never smokers versus non-depressed never-smokers experienced more childhood trauma, including emotional abuse, and physical abuse (*p* \< 0.001). Only depressed non-smokers, versus non-depressed never-smokers had significant difference for childhood sexual abuse (*p* \< 0.01).

Depressed, versus non-depressed, smokers and never-smokers scored higher for depressed symptoms on the HDRS~17~ and also for anxiety symptoms, as indicated on the HAM-A scale (*p* \< 0.01). Higher body mass index is likely to be associated with depressed never-smokers compared to non-depressed never smokers (*p* \< 0.01). Irrespective of TUD, patients with mood disorders also had more functional impairment on subscale of work, social life, work absences on Sheehan disability scale (*p* \< 0.01). Unipolar or bipolar depressed smokers had significantly lower levels of domestic care routines on Sheehan disability scale than non-depressed never smokers (*p* \< 0.01).

[Table 2](#t0010){ref-type="table"} includes psychiatric comorbidities and family history. Irrespective of TUD, patients with mood disorders had a significantly stronger family history of BD. Irrespective of mood disorders; smokers had a statistically stronger family history of TUD.Table 2Psychiatric comorbidities among women in the four groups.Table 2VariableFemale non-smokers, non-mood disorders (n = 28)Female smokers, non-mood disorders (n = 24)Female bipolar/unipolar\
never-smokers (n = 38)Female bipolar/unipolar\
smokers (n = 69)*p*-Value\*Number of depressive episodes; mean (SD)0.00 (0.00) a0.11 (0.32) a6.14 (5.45) b6.02 (10.71) b\<0.01Suicide attempt; mean (SD)0.04 (0.19) a0.21 (0.83) a1.29 (2.54) bc1.08 (2.97) ac\<0.01Lifetime suicide ideation10.70% a16.00% a81.60% b73.00% b\<0.01Current suicide ideation last month3.60% a4.20% a26.30% ab34.30% b\<0.01Suicide behavior last 30 days0.00% a0.00% a15.80% b4.80% ab0.02Panic disorder10.70% ab4.20% b50.00% c32.80% ac\<0.01Obsessive-compulsive disorder3.60% a0.00% a21.60% b8.80% ab0.02TAG7.10% a22.70% ab43.20% b42.60% b\<0.01Family history of TUD57.10% a88.50% b60.50% a81.00% b\<0.01Family history of BD0.00% a4.00% ab42.10% c28.10% bc\<0.01[^3][^4]

Still in Table, we may note that the number of depressed episode is significantly greater for depressed female when compared with non-depressed female (*p* \< 0.01). Irrespective of TUD, depressed smokers and never-smokers also had more lifetime and current suicide ideation, lifetime suicide attempts, more obsessive-compulsive disorder, and generalized anxiety disorder (*p* \< 0.01). Depressed never-smokers had significantly more panic disorder than non-depressed smokers and never smokers.

The physiological biomarkers of all groups are shown in [Table 3](#t0015){ref-type="table"}. Female depressed smokers and never-smokers, versus non-depressed never-smoker, had significantly lower HDL-c levels, higher triglycerides and Castelli indexes I and II. No significant differences on sTNF-R1 and sTNF-R2 levels in all groups.Table 3Biomarkers across groups.Table 3VariableFemale non-smokers, non-mood disorders (n = 28)Female smokers, non-mood disorders (n = 24)Female bipolar/unipolar\
never-smokers (n = 38)Female bipolar/unipolar\
smokers (n = 69)*p*-Value\*Lipids (mg/dl)TC187.15 (35.74)193.13 (35.89)190.91 (41.78)197.50 (38.64)0.69LDL-c105.93 (29.64)127.58 (34.66)113.26 (33.07)122.32 (34.96)0.07HDL-c60.67 (17.22) a44.96 (10.73) b49.51 (13.00) b47.68 (13.68) b\< 0.01TG96.81 (47.24) a100.75 (42.14) a138.60 (77.76) b134.02 (72.78) b0.03Castelli I4.14 (4.66) a4.56 (1.48) b4.09 (1.29) ab4.50 (1.56) b\< 0.01Castelli II1.88 (0.80) a3.09 (1.32) b2.45 (0.90) ab2.78 (1.17) b\< 0.01s TNF-R1(pg/mL)423.72 (282.57)397.32 (388.84)519.67 (337.27)406.69 (393.78)0.24s TNF-R2 (pg/mL)8431.44 (5268.04)7401.89 (4450.89)8953.92 (6262.80)6389.10 (4599.58)0.20[^5][^6]

Correlation Coefficient analysis was conducted to identify the relationship between two variables, including clinical and clinical, or clinical and biomarkers, or biomarkers and biomarkers in smokers with and without mood-disorders and never-smokers with and without mood disorders among women. These results were summarized in [Table 4](#t0020){ref-type="table"}.Table 4Pearson correlations coefficients across the four groups.Table 4Variable 1Variable 2Female non-smokers, non-mood disorders (n = 28)Female smokers, non-mood disorders (n = 24)Female bipolar/unipolar never-smokers (n = 38)Female bipolar/unipolar smokers (n = 69)sTNF-R1Emotional neglect−0.2480.221−0.0720.344\*sTNF-R1Waist circumference0.228−0.2070.0120.446\*\*sTNF-R1BMI0.173−0.0810.1060.509\*\*sTNF-R1HAM-A−0.020.123−0.1000.302\*sTNF-R1IL-1β0.3020.3400.1250.505\*\*sTNF-R1IL-60.0570.2090.3210.498\*s TNF-R1IL-100.2850.636\*\*0.1590.783\*\*s TNF-R1IL-120.266−0.0320.0130.474\*\*s TNF-R1HDL-c−0.1150.354−0.008−0.338\*s TNF-R1Castelli I0.175−0.1000.1410.500\*\*s TNF-R1Castelli II0.083−0.164−0.0240.419\*\*[^7][^8]

Depressed female smokers showed a significant positive correlation between emotional neglect and sTNF-R1 (*p* = 0.02), waist circumference and sTNF-R1 (*p* = 0.001), BMI and sTNF-R1 (*p* \< 0.001), HAM-A and sTNF-R1(*p* = 0.03); IL-1β and sTNF-R1(*p* \< 0.001), IL-6 and sTNF-R1(*p* \< 0.001), IL-10 and sTNF-R1(*p* \< 0.001), IL-12 and sTNF-R1(*p* \< 0.001), Castelli I and sTNF-R1(*p* \< 0.001), and the Castelli II and sTNF-R1 (*p* = 0.002), as well as a significant negative significant correlation between HDL-c and sTNF-R1(*p* = 0.014).

4. Discussion {#s0020}
=============

Our results indicate alterations in inflammatory processes in depressed smokers female, highlighting significant correlations between sTNF-R1 levels and other inflammatory and anti-inflammatory cytokines, components of metabolism, childhood trauma, and anxiety symptoms. A number of processes may have contributed to these results. Hypothalamic--pituitary--adrenal (HPA) axis, which increases microglia activation ([@bb0185]), may contribute to driving the increase in inflammatory cytokines that can contribute to mood dysregulation. Such alterations in microglia activity can be associated with excessive inflammation, astrocyte loss, and inappropriate glutamate receptor activation, thereby disrupting the balance of neuroprotective, versus neurotoxic, processes. Such alterations are likely to drive processes of neuroprogression, which increase the likelihood of neurodegeneration and decreased neurogenesis ([@bb0010]). HPA axis dysregulation associates with reduced pre-frontal cortex and hippocampal activity, amygdala hyperfunction, contributing to the defective glucocorticoid-negative feedback that has been reliably observed in BD patients with TUD ([@bb0055]) as well as in TUD ([@bb0235]). Corticotrophin-releasing factor may be relevant, in that it contributes to HPA axis and brain stress system regulation, and thereby of some importance in both depression and TUD ([@bb0050]). Heightened pro-inflammatory cytokines increase the enzymatic activity of indolamine 2,3‑dioxygenase (IDO), which decreases tryptophan availability for serotonin and melatonin synthesis by driving tryptophan to the production of neuroregulatory kynurenine pathway products ([@bb0240]).

In addition, depressed, versus non-depressed, female smokers and never-smokers reported more childhood trauma, including sexual abuse, emotional abuse and physical abuse. Women with a history of moderate to severe childhood trauma, have a heightened risk of developing mood and substance use disorders ([@bb0035]). Individuals who have experienced abuse or neglect in childhood are more likely to be diagnosed with MDD or anxiety in adulthood, in association with alterations in HPA axis activity (C [@bb0110]; Christine [@bb0115]; [@bb0140]). Individuals who have experienced early life stress have an earlier onset cigarette use, smoke more heavily and are more nicotine dependent ([@bb0005]; [@bb0035]).

The current study shows depressed female smokers to score more highly on measures of depression and anxiety. TUD increases the risk of developing more severe depressive and anxiety symptoms, as well as have a slower clinical recovery ([@bb0135]), which may be modulated by genetic susceptibilities, including variations in the brain derived neurotrophic factor Val (66) Met polymorphism ([@bb0130]).

Irrespective of mood disorders, female smokers had a stronger family history of TUD. This is supported by previous research indicating that a history of familial smoking increases TUD initiation in females only, with lower self-esteem associating with a significantly earlier onset ([@bb0250]). Irrespective of TUD, patients with mood disorders had a significantly stronger family history of BD. Mood disorders are highly familial independent of whether the parent\'s condition is unipolar or bipolar disorders ([@bb0215]).

This study has a number of limitations. Firstly, sample sizes lead to small numbers, especially for biomarker stratification. Secondly, the age of our sample was 18--65 years old and therefore results cannot be generalized to older or younger populations. Third, we selected individuals, who did not have inflammatory or immune abnormalities were accompanied by other medical conditions or induced by medication, including infections, cancer, autoimmune illness, cardiovascular disease, use of interferon. These conditions are known to involve in relationship between soluble tumor necrosis factor receptor 1 (sTNF-RI) and physical symptoms and the effects of depressive symptoms ([@bb0120]). Finally, some clinical and childhood trauma were retrospective data and could be subject to recall bias.

In conclusion, women showing comorbid TUD and depression in clinical practice are common. Depressed female smokers show significant differences in clinical and biomarker measures, including reported childhood trauma, anxiety and inflammatory biomarkers.

It will be important to identify subgroups of depressed female smokers exhibiting heightened levels of inflammatory biomarkers, as such subgroups may benefit from treatment with adjunctive anti-inflammatory agents ([@bb0170]; [@bb0245]). Future research should target treatments in depressed female smokers that reduce inflammatory biomarkers, and thereby neuroregulatory kynurenines and glutamatergic activity.
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[^1]: Abbreviations: HDRS~17~: 17-item Hamilton Depression Rating Scale; HAM-A: Hamilton Anxiety Rating Scale; BMI: Body mass index; SDS: Sheehan Disability Scale; CTQ Childhood Trauma Questionnaire, WHOQOL-bref: World Health Organization Quality of Life.

[^2]: \**p*-Value obtained by ANOVA or Kruskall-Wallis test. The same letters for the same variable indicate that there are no differences between the means among the groups and different letters for the same variable indicate that there are differences between the means among the groups.

[^3]: Abbreviations: TUD: Tobacco use disorder, TAG: Generalized anxiety disorder.

[^4]: \**p*-Value obtained by ANOVA or Kruskall-Wallis test for the quantitative variables, or Chi-square test or Fisher exact test for the qualitative variables. The same letters for the same variable indicate that there are no differences between the means or percentages among the groups and different letters for the same variable indicate that there are differences between the means or the percentages among the groups.

[^5]: HDL-c: High-density lipoprotein cholesterol (mg/dL); LDL: Low-density lipoprotein cholesterol (mg/dL), Castelli\'s Risk indexes I and II (total cholesterol /HDLc and low density lipoprotein \[LDL-c\]/\[HDL-c respectively\], sTNF-RI: soluble tumor necrosis factor receptor 1; sTNF-RII: soluble tumor necrosis factor receptor 2.

[^6]: \*p-Value obtained by ANOVA or Kruskall-Wallis test. The same letters for the same variable indicate that there are no differences between the means among the groups and different letters for the same variable indicate that there are differences between the means among thegroups

[^7]: IL-1β: interleukin -1β; IL-6: interleukin-6; IL-10: interleukin-10; IL-12: interleukin-12. HDL-c: High-density lipoprotein cholesterol (mg/dL); LDL: Low-density lipoprotein cholesterol (mg/dL), Castelli\'s Risk indexes I and II (total cholesterol /HDLc and low density lipoprotein \[LDL-c\]/\[HDL-c respectively\], HAM-A: Hamilton Anxiety Rating Scale; BMI: Body mass index.

[^8]: \* indicate that the *p*-value is \<0.05, and when followed by \*\* indicate that the *p*-value is \<0.01.
